Introduction {#sec1-1}
============

Indications for RTSA increased over time from cuff tear arthropathy to include many other conditions that were difficult to treat with anatomical shoulder arthroplasty, such as acute proximal humerus fracture (Neer 3,4), chronic locked dislocation, immunological arthritis (in particular Reumathoid Arthritis, RA), proximal humeral fracture sequelae, failed primary shoulder arthroplasty and tumors ([@ref1], [@ref2]).

In recent years periprosthetic shoulder fractures became a growing problem due to aging of general population and to the increase in reverse total shoulder arthroplasty (RTSA) implants ([@ref3], [@ref4]).

RTSA complication rates are in a range between 19% to 68% and include principally scapular notching (50% - 96%), neurological injuries (1%-4%), infections (1%- 15%), instability (2%-31%) and periprosthetic fractures (1%-20%) ([@ref5]-[@ref7]).

Fractures include the greater or lesser tuberosity, metaphyseal portion or surgical neck, proximal humeral diaphysis, and the mid- and distal diaphysis. Advanced age and comorbidities often characterizing periprosthetic shoulder fracture patients add to the intrinsic technical difficulty in treating these injuries. Therefore, clinical and surgical management of these lesions can be a challenge for the orthopedic surgeon. Aim of treatment should be early functional recovery and prompt fracture healing minimizing the risk of complications. Aim of the present review is to report a summary of literature evidence about epidemiology, risk factors, diagnosis, management and outcome of post-operative periprosthetic humeral fractures after RTSA.

Methods {#sec1-2}
=======

Two of the authors (FF and RF) independently reviewed studies by a systematic search of Embase, Medline and Pubmed using various combinations of the terms "periprosthetic, shoulder", "shoulder arthroplasty, fracture", "periprosthetic, fracture", "shoulder arthroplasty, complication", "RTSA, fracture", "humeral fracture in RTSA". The two authors screened the titles and abstracts of the citations identified independently and in duplicate, and acquired the full text of any article that either judged potentially eligible, favoring studies published in the last ten years. Epidemiology, risk factors, diagnostic features, clinical management and outcome of different techniques were all reviewed. Disagreements were resolved by discussion.

Results {#sec1-3}
=======

A total of 31 studies were selected, including reviews, meta-analysis and clinical series. Case reports and small case series reporting about complications and very uncommon events were also included.

Discussion {#sec1-4}
==========

Epidemiology {#sec2-1}
------------

Introduction of reverse shoulder arthroplasty has improved treatment of patients with glenohumeral arthritis or prior failed shoulder arthroplasty associated with rotator cuff disorders in addition to high complex pattern proximal humeral fractures and inveterate dislocation.

Consequently, the utilization of RTSA is increasing, with a reported incidence of 33% in a recent epidemiological study by Schairer et al.([@ref7]) in primary shoulder arthroplasty. In USA the use of RTSA was approved by FDA since 2004 with approximately 10.000 RTSA performed in 2007 with a growing number of 30.000 in 2012 ([@ref11]).

However, periprosthetic humeral fractures are relatively rare and there is limited information in the literature regarding such injuries.

Nonetheless, these fractures became a growing problem in recent years. The reasons of this trend probably reside both in aging of the general population, with several comorbidities including osteoporosis and higher risk of fall to the ground and in the growing number of RTSA ([@ref11]).

The reported incidence in the USA reaches between 0,6 to 3% for RTSA, changing to 1,6 to 2,3% if all shoulder arthroplasties are considered. A retrospective cohort study using the data from the Mayo Clinic Medical Center Total Joint Registry (1976-2008) identified a postoperative humeral fractures rate of 0.9% ([@ref8]-[@ref10]).

Risk Factors {#sec2-2}
------------

Risk factors can be divided in patient related and implant related. The main patient related risk factor for periprosthetic shoulder fracture is advanced age, particularly because of its association with higher risk of fall to the ground and with osteoporosis, which may both be considered as independent risk factors. Nonetheless, in the last years mean age of periprosthetic fracture patients notably raised, with a reported mean age of 80 years in 2018, resulting higher than the reported mean age in 1994 (71 years) ([@ref12], [@ref13]). Medical conditions associated to ambulation instability and/or to higher risk of fall as cardiac and neurologic pathologies may all be considered as risk factors. Chronic use of osteopenia inducing drugs such as corticosteroids or any other medical condition affecting bone quality may also be identified as risk factor. Moreover, bone quality is a critical factor to be considered for conservative treatment versus surgical treatment.

Other medical conditions as diabetes may act both as risk factor for fracture and as factors negatively affecting outcome. Diabetic patients may indeed be considered at risk for both periprosthetic fracture because of risk of fall due to hypoglycemia episodes and postoperative infections. Moreover, the same patients may be at risk for unfavorable outcome and complications because of immunological, vascular and neurologic peripheral compromise.

Epidemiologic data identify rheumatoid arthritis as a major risk factor, associated to about half of all the periprosthetic shoulder fracture cases described in the literature ([@ref14], [@ref15]).

The implant related risk factors include revision surgery, over-reaming or using an oversized broach in the humeral component preparation, humeral deformity, and excessive soft tissues tightness coming from errors in bone cuts or components size ([@ref16]).

Diagnosis {#sec2-3}
---------

In most cases periprosthetic shoulder fractures diagnosis is straightforward, based on clinical suspicion that should always arise in case of trauma occurring to a prosthetic joint.

Radiographic evaluation is important to identify potential component loosening. A Grashey view of the glenohumeral joint and a true axillary view to assess for humeral head subluxation and glenoid component loosening should be better obtained. Images should include orthogonal views of the fracture.

A CT scan is usually diagnostic in doubt cases (classification type) and might be useful for preop planning.

Classification {#sec2-4}
--------------

Fractures can be first of all divided in intraoperative fractures (59%) and postoperative fractures (41%) ([@ref17]).

The first classification was developed by Wright and Cofield and was a classification system simply based on the location of the fracture relative to the tip of the humeral prosthesis. This classification was originally created for post-operative fractures and it is limited to those occurring near the tip of the humeral stem. Type A fractures occur at tip with proximal extension greater than 1/3 of the stem length. Type B fracture also occur about the stem tip, with less proximal extension. Type C fractures occur distal to stem tip and are considered humeral shaft fractures ([@ref18]). Nonoperative treatment is often limited to type A and well aligned type C fractures.

Later Campbell et al. ([@ref19]) defined four categories related to the fracture site: (A) tuberosities region; (B) metaphyseal portion or surgical neck; (C) proximal humeral diaphysis; and (D) mid- and distal humeral diaphysis. This type of classification results more adequate for intra-operative fractures.

Groh et al. ([@ref20]) distinguished Type I fractures as occurring proximal to the tip of the prosthesis; Type II extending from the proximal part of the humeral shaft to beyond the distal tip of the stem; and Type III as fractures lying distal to the tip of the prosthesis.

In 2018 Kirchkoff et al ([@ref21]) developed a more complex classification including three subclassifications: location of the fractures (acromial, glenoidal and humeral), type of fractures (tuberosities, spiral, oblique, distal) and implant stability (stable, loose). They also proposed a simple algorithm with these three classification subtypes to suggest the treatment (ORIF vs conservative or revision).

Treatment {#sec2-5}
---------

Correct indication for treatment of these complex lesions can differ case by case. The variables influencing the decisional process are many: general health status and functional demand of the patient, fracture location and morphology, bone quality, and implant stability.

Surgical experience of the treating surgeon should also be considered ([@ref22]-[@ref23]).

Aim of surgical treatment should be functional recovery with respect to pre-injury activity level, minimizing complications. Healing is generally considered when the patient fully recovers activities of daily living without pain, associated with radiographic healing.

Athwal et al. ([@ref16]) reported that the first treatment for periprosthetic humeral fractures (PHF) begins with prevention and that special care should be taken in patients with documented risk factors (osteopenia, RA, revision surgery, etc.) to avoid increasing stress on the humerus.

Treatment modalities for periprosthetic shoulder fractures range from conservative treatment to ORIF (open reduction internal fixation) and revision arthroplasty. In case of non-displaced or minimal displaced fractures with transverse or spiroid morphology conservative treatment may be indicated: splint mobilization in neutral rotation or abduction is preferable to avoid diaphyseal rotational malunion ([@ref24]).

In displaced periprosthetic fractures conservative treatment may be indicated only in low functional requirements patients or in the presence of severe comorbidities ([@ref21]).

Osteosynthesis can be done using various approaches: anterior shoulder approach (deltopectoral approach), posterior or lateral approach. The latter two enable visualization and protection of radial nerve, with different advantages and indications related mostly to fracture location. In particular, posterior approach is generally preferred for more distal fractures and deltopectoral or antero-lateral approaches for proximal/mid third fractures. Identification of the radial nerve is always needed to allow its protection when diaphyseal cerclages have to be performed.

Fixation can be done with plates and screws, plates and cerclages, and plates and screws associated with cerclages. Locked screws promote rotational control, and cerclage increases the stability of the construct at the stem level.

Angelini et al. ([@ref25]) suggest cerclage wires to function as a temporary tool for reduction during surgery and that when correctly applied the damage to bone blood supply is less than expected. Cameron et al. ([@ref26]) reported that when treating unstable diaphyseal periprosthetic humeral fractures with well-fixed components, a heavy plate with proximal cerclage wires and distal screws is the treatment of choice ([Figure 1](#F1){ref-type="fig"}). The plate should overlap the tip of the prosthesis by two cortical diameters to avoid the creation of a stress riser.

There seem to be no significant differences in the rate of periprosthetic humeral fractures between uncemented RTSA and cemented RTSA ([@ref27]).

Based on the experience with Vancouver B3 hip fractures, Thes et al ([@ref28]) described an internal fixation technique for periprosthetic humeral fractures in patients with severe osteoporosis and bone loss. The authors describe a technique where the fracture is surrounded by two hemicylinder of tibial allografts, placed around the humerus to create a "sarcophagus" system. The allograft was as long as possible for optimal mechanical stability, without creating impingement with the glenoid and the elbow. Final fixation of the allograft is obtained with two cerclage wires.

Revision surgery should always be considered when humeral component loosening is detected. Described radiographic signs of loosening are the presence of a radiolucent line measuring \>2 mm in three or more zones around the perimeter of the stem or when a change in the relative position on the stem is found on serial radiographs ([@ref29]). In these cases, analyzing previous radiographs is crucial for treatment planning.

In post-operative management, all patients should be immobilized in a shoulder sling. Shoulder flexion and abduction should be limited to 90° for six weeks post-operatively. Clinical and radiological controls should be performed at six weeks, 12 weeks and 12 months after operative treatment. Periprosthetic humeral fractures healed in literature reports at a mean time of 18 weeks (range 16-20) with a non-union rate of about 13% ([@ref30]).

The overall complication rate is reported to be between 20% to 40%. Non-union or malunion are especially associated with conservative treatment. Loss of shoulder motion is the primary reason for an unsatisfactory result (based on the Neer criteria).

Other complications included neurapraxias ( axillary nerve or radial nerves, 6-25% reported), frozen shoulder, and superficial infection ([@ref30], [@ref31]).

Clinical outcomes are usually evaluated using a visual analog scale (VAS) for pain, American Shoulder and Elbow Surgeon (ASES) score, and subjective shoulder value (SSV). Active ROM (range of motion) is normally evaluated in terms of forward flexion, abduction, and external rotation with the arm at the side and internal rotation with the arm at the back. Radiological outcomes should be assessed by serial plain radiographs.

![A 78-year-old woman, right-handed, fell to the ground 10 years after cemented RTSA implantation for right shoulder cuff tear arthropathy. a) pre-op radiograph showing periprosthetic humeral fracture. b) post-operative radiograph showing fracture reduction and fixation with 4.5mm 14 holes locking plate with cerclages and screws. Clinical healing with full activities of daily living recovery was documented at 18 months](ACTA-90-8-g001){#F1}

Conclusions {#sec1-5}
===========

Periprosthetic shoulder fractures are a growing clinical problem. Correct clinical management requires adequate diagnosis and evaluation of risk factors. Conservative treatment is rarely indicated. Locking plate fixation, cerclages and revision arthroplasty are all valuable treatment methods. Surgical technique should be chosen considering age and functional demand, comorbidities, fracture morphology and type, bone quality and stability of the implant. Given a correct indication all surgical treatment can lead to satisfactory clinical and radiographic results despite a relevant complication rate.
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